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Introduction 


Isotoma hiemalis has a wide boreo-alpine distribution (Gisin 
1960). It colonizes accumulations of humid litter. A seasonal 
polymorphism has been described by Fjellberg (1976), who 
termed it cyclomorphosis. In late autumn, each individual 
changes from the summer morph (I.h.mucronata) to the winter 


morph (I.h.hiemalis). The only morphological feature to 
separate the two morphs is the shape of the apical tooth of 
the mucro (Fjellberg 1976); between the two morphs or (in 


cultures) in place of the winter morph an instar with an 
intermediate mucro shape may occur; the frequency of 
intermediate morphs was correlgted in experiments with 
temperature and daylength (Zettel 1985). One part of the 
population, consisting almost exclusively of subadult and 
adult animals, interrupts development in the winter morph for 
up to five months and thus shows some sort of dormancy 
(Zettel 1985). These animals stay in the snow layer and 
appear on the snow surface when the weather conditions are 
permitting (temperature above -2.5 to -3°C, the activity 
being stimulated by atmospheric pressure changes; Zettel 
1984a, Zettel and Zettel 1986). In the other part of the 
population, including animals of all instars, the change back 
to the summer morph already takes place in January; these 
animals show a subitaneous development, continue feeding and 
moulting and do not further appear on the snow surface. 

Collembola are known to be freezing intolerant, i.e. they do 
not survive the freezing of their body. Only I.hiemalis in 
the winter morph are able to build up the physiological 
adaptations for an activity in a frozen environment, 
consisting of an increased level of high molecular antifreeze 
agents (Zettel 1984b, Suter 1989, Zettel et al 1989) and 
being essential for avoiding inoculative freezing when in 
contact with ice crystals. These seasonal adaptations have to 
be synchronized with the onset of winter, in order to allow 
an activity on the snow surface. This is considered to be 
important for the dispersal of the species and for the 
genetic exchange between parts of the population which are 
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ecologically separated during summer (Leinaas 1981, Zettel 
1985). 

The change to the winter morph is independent of age and 
occurs in all instars at the same time. It cannot be induced 
by a threshold temperature, as it was also observed in 
cultures with constant summer temperature (day 16°, night 
13°). Short-day can also be rejected as a trigger, because 
winter morphs appeared in long-day regimes too (16L : 8D). 
Experiments revealed that the seasonal dimorphism is 
controlled by a free running circannual rhythm, and the day- 
night-rhythm is used as zeitgeber (Zettel 1985). Some facts 
indicated the possibility of the participation of a maternal 
control. E.g. in animals becoming only one year old, 
informations on the state of the circannual rhythm have to be 
transmitted to the next generation. Moreover, offsprings of 
the same female may hatch over a period of more than one 
month and later on simulateously change to the winter morph 
also in absence of environmental cues; they even may hatch 
already in the winter morph. 

The circannual rhythm is not temperature-compensated and 
therefore may be shifted e.g. by delayed snow-melting or 
periods of extreme temperature. Thus an additional external 
cue has to be assumed, responsible for.adjusting the rhythm 
with the seasons. The present experiments were planned to 
elucidate whether the photoperiod is involved in the 
synchronization mechanism. 

We thank U.Imwinkelried for technical assistance and 
M.Zimmermann for statistical advice. 


Methods 


I.hiemalis were collected at 1580 m a.s.l. in a subalpine 
spruce forest in the Bernese Prealps. In the laboratory, the 
animals were cultured in population cages consisting of 
perspex containers with a diameter of 15 cm. These were 
furnished with gauze-covered openings on the top, the bottom 
and the sides and contained a 10 cm layer of natural 
substrate. The containers were put in a permanently wet sand- 
bed; thereby a humidity gradient could establish in the 
litter and the springtails were allowed to select an 
appropriate humidity. 

It was planned to collect animals on the snow surface under 
short-day conditions in late December (it is impossible to 
get enough animals for these experiments by extraction from 
litter). Unfortunately weather and snow conditions made it 
impossible to get the animals before late March. This 
circumstance probably had an influence on the results of the 
regimes SN and LN (animals which should have experienced 
constant conditions from December through June, short-day and 
long-day respectively). 

Ca. 300 springtails were cultured in each container. After 
the longest day the animals were partly exposed to a new 
light regime. In September 50 F,-individuals out of each 
regime (with no experience of the tornex regime their parents 
were exposed to) were transferred individually to small glass 
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vials (60 ml) furnished with a bottom layer of plaster of 
Paris mixed with charcoal. They were controlled every week 
and fed with ground lichen; this food did not grow mouldy as 
quick as needle litter and was readily accepted. Jars with 
development of mould were replaced. Shed cuticles were 
removed and mounted on microscopic slides in order to 
determine the morph, intermediate mucro shapes being counted 


as winter morphs. Five light regimes were established 
(table 1). 
regime P-generation F,-generation n 

NN natural natural 18 

NL natural long-day 17 

NS natural short-day 21 

LN long-day natural 5 

SN short-day natural 10 
Table 1. 


Light regimes for the 5 experimental lines. 

N = natural daylength, S = short-day (9L : 15D), L = long-day 
(17L : 7D)(= hours of sunshine + 1/2 h for dawn and dusk 
respectively). Temperature was 3°C higher than natural mean 
temperatures (in order to compensate for the lacking daily 
fluctuations). n = number of F,-individuals which finally 
could be used for calculations. 


Results 


Due to mortality and some loss of mucros during preparation, 
the number of individuals which could be used finally for 
calculations was small. In addition, the penetrance of the 
seasonal dimorphism is influenced by temperature and 
photoperiod. In earlier cultures 91% of the animals changed 
to the winter morph in a constant winter short-day regime, 
87% in winter long-day, 71% in summer short-day and only 40% 
in summer long-day (Zettel 1985). In the present LN-regime it 
were only 18%. The following effects were expected as a 
reaction to the modified light regime; they are quite in 
opposite direction in adults and juveniles: 


regime NN control 


regime NL light surplus for F,, simulating delayed season 
(still summer) 
--> delayed morph change for compensation 


regime NS light deficit for AN simulating anticipated 


season (already winter 
--> anticipated morph change for compensation 
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regime LN light surplus for P-generation, simulating anti- 
cipated seasons (already summer) 
--> compensation by anticipated morph change in 
the F1 


regime SN light deficit for P-generation, simulating de- 
layed season (still winter) 
--> compensation by delayed morph change in the 
F1 
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Fig.1 

Change from the summer to the winter morph, expressed as 
percentage of animals in the winter morph. Only individuals 
with a morph change were taken into account. 

For the regimes see table 1. 


In fig.1 the change in 4 regimes is presented. The data of 
the LN-animals are omitted, because there were too few 
individuals (5) for a representative curve. The reaction of 
the animals was in accordance with the expectation, giving 
first evidence that the photoperiod can be used in an insect 
to synchronize an engogenous rhythm with the seasons; the 
photoperiodic information can be perceived by the individuals 
changing the morph subsequently, as well as by their parents 
which transmit it to their progeny. Compared with NN, NS was 
anticipated, NL and SN were delayed. Half of the NS-animals 
had changed to the winter morph by the 10.November; the same 
point was reached by the control (NN) after the 15.December 
and the NL- and SN-animals which were expected to be delayed 
attained the 50% value only by the 29.December. In all 
cultures, the change was delayed when compared with the field 
population (Zettel 1985). This fact has to be considered as 


an artifact resulting from being in culture under constant 
conditions for one year. 


452 


SN was not as much delayed as NL. This can be explained by 
the fact that these animals were collected only after mid- 
March. Therefore they probably already got enough 
informations on increasing daylength to reduce the extent of 
the reaction in the experiment. It could also be that the 
direct action of the photoperiod onto the F is more 
effective than the information transmitted rom their 
parents. 

In an ANOVA test the differences between the 4 cultures 
proved to be highly significant (P<0.001). 


Discussion 


Photoperiod is known as one of the most important cues for 
diapause induction in insects. Usually, a certain threshold 
of daylength or nightlength is responsible for a 
developmental break in advance of environmental adversities 
like cold or food shortage. For a review see Saunders (1981). 
An influence of the photoperiod on the regulation of 
cryoprotectants was demonstrated in the beetle Dendroides 
canadensis (Horwath and Duman 1982), in Drosophila auraria 
(Higuchi and Kimura 1985) and in the moth Xestia c-nigrum 
(Goto et al 1986). A number of papers show that a coincidence 
of external factors with an internal clock is necessary for 
the induction (resonance experiments; e.g. Saunders 1978, 
Horwath and Duman 1984, Takeda 1986). 

Usually the reacting stage is species-specific and restricted 
to one instar. In simpler cases, the sensitive period is 
immediately preceeding the reacting stage, but it may be 
shifted even to the egg stage. In the most complicated cases, 
the sensitive window is located in the maternal generation, 
the information being transmitted through an undifferentiated 
egg. Such a situation is known so far in two parasitic 
hymenopterans, Nasonia vitripennis (Saunders 1965, 1966), 
Coeloides brunneri (Ryan 1965) and the blowfly Calliphora 
vicina (Vinogradova and Zinovjeva 1972). 

In Collembola there is only little information available on 
the influence of photoperiod on development or cold hardi- 
ness. Chelnokov (1975) mentionned that an increase of frost 
resistance in Tomocerus vulgaris by chilling was more 
successful in short-day photoperiods than in long-day 
conditions. Allmen and Zettel (1984) demonstrated an influ- 
ence of the photoperiod on the cold-hardening of Entomobrya 
nivalis. Further investigations in the same species have been 
done recently by Meier (unpubl.data). 

First evidence for the involvement of photoperiod in a 
seasonal rhythm in Collembola was given by Zettel (1985) for 
I.hiemalis. As zeitgeber for the correct running speed of the 
endogenous circannual rhythm only the day-night changes are 
important; a "photoperiodic counter" (Saunders 1976) is 
accumulating some information up to a threshold at which the 
formation of the winter morph is induced: at a T-phase of 12 
hours (photophase + scotophase) the endogenous rhythm ran at 
doubled speed (Zettel 1985). 
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In order to be prepared for the synthesis of cryoprotectants 
at the onset of winter, the endogenous rhythm has to be 
precisely synchronized with the seasons. A transmission of 
information about a correct "'day-counter" from one generation 
to the next would be insufficient, as the circannual rhythm 
is not temperature-compensated and thus easily can be delayed 
or accelerated by temperature. The only relieable information 
on the correct timing can be obtained from daylength, either 
from a certain threshold value at a certain time, or from 
daylength increments/decrements within a certain lapse of 
time. The photoperiod influences the circannual rhythm in 
Isotoma hiemalis in two ways. Firstly in its role as a 
zeitgeber for the correct running speed. Secondly, shifts in 
the rhythm can be detected and compensated by the comparison 
of the measurements of an external photoperiodic parameter 
with an internal "model". For this reason, no drastic 
influence was expected. The experiments showed than a mean 
anticipation of 10 days resulted in NS and a delay of 11 (SN) 
and 18 days respectively (NL), when calculated from the 
regression lines at a level of 50% morph change. With two 
synchronization windows per year - one in the P- and one in 
the F,-generation - there is the possibility to shift the 
endogenous rhythm up to one month under a maximal photo- 
periodic influence, which really seems to be sufficient. But 
it can also be assumed that the compensation under natural 
conditions will hardly reach such values. From our 
experiments it cannot be deduced yet whether a fixed 
threshold or an increment/decrement in daylength is measured 
and responsible for compensation control. 
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